Results based on calorimetric measurements are presented from reactions of 60 A GeV and 200 A GeV 160 projectiles with C, Cu, Ag, and Au nuclei. Minimum-bias cross sections are discussed. Energy spectra measured at zero degrees and transverse-energy distributions for the pseudorapidity range 2.4 < q < 5.5 are shown. An analysis of the average transverse energy in terms of the number of participating nucleons and the number of binary nucleon-nucleon collisions is presented. Estimates of nuclear stopping and of attained energy densities are made.
Introduction
The study of heavy ion collisions at ultrarelativistic energies is a new and exciting field on the borderline between nuclear and high energy physics. Presently, the primary goal is to verify the existence of the postulated quark-gluon plasma (QGP) [1] . A broad specPresented at the 6th International Conference on Ultra-Relativistic Nucleus-Neucleus Collisions -Quark Matter 1987 , 24-28 August 1987 Republic of Germany On leave of absence from the Institute for Nuclear Studies, Warsaw, Poland trum of possible plasma signatures has been suggested [-1, 2 ]. An unfortunate common characteristic of most of these signatures is the necessity to distinguish them from the background created by nonplasma events. A thorough understanding of the reaction mechanisms in ultrarelativistic heavy ion collisions is, therefore, an important prerequisite in any QGP search. This paper presents some of the first steps taken in this direction by the WA 80 collaboration. The focus will be on data obtained with our calorimeters, with special emphasis on the results which can be extracted from forward calorimetry.
In an effort to isolate characteristic features of nucleus-nucleus collisions (e.g., collective phenomena) from those that may be expected on the basis of a linear superposition of nucleon-nucleon collisions, we will compare measured quantities with calculations that reproduce data from nucleon-induced reactions and that make predictions for nucleus-nucleus reactions. While several models are available for this procedure, none has yet been demonstrated to have clear advantages over the others. Consequently, we have chosen to make comparisons with the Lund model for high-energy nucleus-nucleus interactions (FRI-TIOF) [3] . Effects of detector acceptance and of trigger bias have been included in all FRITIOF simulations shown in this work except for the total reaction cross section calculations. In describing the nuclear density, the radius parameter to= 1.10 fm has been used for the Woods-Saxon distributions. This results in somewhat larger sizes of the light nuclei as compared to the standard FRITIOF parameter selection but is in better agreement with results for the nuclear density distribution from electron scattering [4] .
Another theme in our current analysis is the extraction of results from the data with minimal use of complicated models. Some reliance on models is, however, needed in any interpretation of experimental data. An analysis of the transverse energy generated in terms of the number of participating nucleons and the number of binary nucleon-nucleon collisions will be presented in Sect. 6. Although the extraction of these numbers is not model-independent, it is based primarily on simple geometrical aspects of the nuclear collisions.
Finally results on nuclear stopping and energy densities are presented in Sect. 7 and 8, respectively.
Experimental setup
The measurements described in this paper were performed with the WA 80 experimental arrangement [5, 6] at the CERN SPS. The setup includes two calorimeters: the Mid-Rapidity Calorimeter (MIRAC) and the Zero-Degree Calorimeter (ZDC) [7] . MIRAC consists of 30 stacks with each stack subdivided into six 20 x 20 cm 2 towers. Each tower consists of a lead/scintillator electromagnetic section of 15.6radiation lengths (0.8 absorption lengths) and an iron/scintillator hadronic section of 6.1 absorption lengths. MIRAC is organized into five groups of six stacks, called sixpacks, each with dimensions of 1.3 x 1.2 m 2. Four of the six-packs are arranged in a wall around the beam axis at a distance of 6.5 m from the target and with a 7.5 x 7.5 cm 2 hole in the center to allow the beam to reach the ZDC. The MIRAC wall has full azimuthal coverage in pseudorapidity, q, from 2.4 to 5.5 with partial coverage extending down to 2.0. The fifth sixpack of MIRAC is placed next to the MIRAC wall, where it covers approximately 10% of the azimuthal angles in the pseudorapidity interval from 1.6 to 2.4
The measured alE resolutions of the calorimeter are 14.2% for 10 GeV/c charged pions and 5.1% for 10 GeV/c electrons [7] .
The ZDC is a 60 x 60 cm 2 uranium/scintillator calorimeter divided into an electromagnetic section of 20.5 radiation lengths and a hadronic section of 9.6 absorption lengths. The ZDC is located 11 m from the target and measures the energy of particles that pass through the beam hole in MIRAC. This hole has an inscribed cone angle of 0.3 deg, corresponding to q > 6.0. The ZDC is both a key component of the trigger system and an important measuring device from which the total energy of projectile spectators and/or of the leading particles is obtained. The resolution of the ZDC is 2.5% at 3.2 TeV and 4.5% at 0.96 TeV.
All data presented in this paper were obtained under the minimum-bias condition. This condition is defined by the requirements that: (a) less than 88% of the full projectile energy is measured by the ZDC and (b) at least one charged particle is recorded by the multiplicity arrays in the interval 1.3 < t/< 4.4.
Reaction cross sections
Usually the first quantities to be measured in a new field of nuclear physics are the reaction cross sections. We will not deviate from this practice and present in Table 1 the measured minimum-bias cross sections, together with two sets of FRITIOF calculations: the total reaction cross section based on the requirement that at least one nucleon from the projectile collides with a target nucleon, and the minimum-bias cross sections, based on simulated trigger constrains in the FRITIOF-generated events. Systematic errors on the absolute cross sections are estimated to be less than 10%. FRITIOF reproduces both the energy and the target dependence of the measured minimum-bias cross sections also to within 10%. Table 1 . Reaction cross sections. Systematic errors on the experimental cross sections are estimated to less than 10%. Please refer to the next for the definition of the minimum-bias condition, r o and b are fitted Bradt-Peters parameters
